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A Stiffened Suspension Bridge on a  Steep  Incline at  the 
Westport-Cardiff Coal Company’s Mine, New Zealand. 

By THOMAS HAROLD RAWSON, M. Inst. C.E., and GEORGE HERBERT 
BROOME, Assoc. M. Inst. C.E. 

THE problem  presented  for solution in  designing  this bridge was 
the  spanning of ‘‘ Chasm Creek ” Gorge, 200 feet  in  width, 
by  meam of a bridge on a gradient of 1 in 4, for the  exten- 
sion of the coal-workings  beyond the creek. The  bridge was not 
expected to be in use for more than 5 years, and was required to 
carry a  double line of tramway  with a working load not exceeding 
10 tons, and consisting of a simultaneously  ascending and descend- 
ing  string of mine-tubs  attached  singly,  and at  intervals, to a 
slow-travelling endless haulage-rope. The conditions  only per- 
mitted of a bridge of the most economical design,  consistent 
with  the  requisite  strength  and  rigidity;  and  the erection also 
was  to be  carried out  with  the  greatest possible despatch. 

I f   i t  had been found  practicable, short spans with trussed or un- 
trussed timber beams carried on timber  trestles would probably 
have been adopted;  but  this was found to  be out of the question, 
as the  depth from formation-level to  the bed of the creek is  about 
100 feet, the  banks  being precipitous and  the creek subject to 
heavy floods, rising  rapidly  to a height of 20 feet above the normal 
level, when it becomes a roaring  torrent  carrying down large trees 
and boulders ; under  these conditions nothing  but a very  substantial 
pier  in  the  centre would have sufficed, or trestle piers of a con- 
siderable height erected on the banks, with a centre  span of not 
less than 106 feet; the  estimate for this was, however, found  to 
exceed the  sum available, and the  time  required  to  get  the  long 
lengths of timber on the  ground, for the  trestles  and  the necessary 
staging, was also a  serious  drawback. It was  therefore decided to 
construct a bridge which could be quickly  and economically 
erected, without expensive staging or scaffolding, and  without  the 
large end piers  which a suspension-bridge of the  ordinary  type 
would entail. 
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The design  adopted is shown in  Figs. 1, Plate 7. The clear 
span is 200 feet.  The construction  was commenced by  building 
two  small end sill-piers  into  the solid rock at  the  required  differ- 
ence of level; over  these  piers were laid  four wire ropes, two 
on each side, the ends being carried along  the mine-tunnels, or 
drives, and securely  fastened  to anchor-logs (Figs. 2, Plate 7), 
the ropes being  strained  to  give a  maximum depth in the  truss of 
20 feet. On these wire ropes the  timber  truss  was  built,  carrying 
on the  upper chord the  decking and tramways at  a gradient of 
l in 4. The ropes were  calculated  to  be of sufficient strength to 
carry  the  weight of the  truss  with a  factor of safety of about 5 ,  as, 
owing  to the method of erection  contemplated, the  weight of the 
truss would be thrown on to the ropes until  approaching completion ; 
i t  was, however, specified a8 a further precaution, that a part of the 
floor-joists, with  the  decking  and  hand-railing, were not  to be laid 
until  the  truss was bolted and took up  part of the  strain.  The 
truss was so designed that  i t  could be put  together  as a  continuous 
work on the  wire ropes, fairly  distributing  the  weight. 

All of the  timber  is New Zealand  black birch (Fagus fuse.) ; 
the top and bottom chords, the braces, and  the lower transomes 
are 8 inches  by 6 inches in cross-section, the chords having  plain 
butt-joints, double-fished with 8 inches  by 3 inches  timbers, and 
the braces being  half checked at  the  junction  with  the chords, 
Figs. 3, Plate 7. The  wire ropes are of English manufacture, and 
were supplied  by Messrs. John  Shaw & Co., Limited;  they  are 
5 inches in circumference, and of ordinary construction,  consisting 
of seven strands of seven  wires each ; the  guaranteed  breaking load 
of the rope is 8 4  tons. Four of the  individual wires, which  are of 
No. 7 B.W.G., were  tested by Professor R. J. Scott of Canterbury 
College, Christchurch, New Zealand, and  the  average  breaking- 
stress  was found to be 76 .248  tons  per square  inch, which, allow- 
ing 10 per  cent.  reduction in  strength for coiling, would make the 
breaking-load of each rope 81 * 8 tons. 

The ropes could not be supplied  in less than 10 weeks from the 
date of the order, and, as time was limited, as  much of tho work as 
possible was done in the  interval.  The  timber for the  truss was 
framed and  fitted  together on a piece of leve1,ground by  the Com- 
pany’s workshops, about 16 mile from the  site of the  bridge;  the 
workmen had been supplied  with a  large-scale working  drawing, 
from which  they were  enabled  to draw  parts of the  truss to full 
size on a  platform, and  to  cut  their  lengths  and scarves accordingly ; 
the  timbers were then  carefully marked and conveyed to  the  site 
by means of the Company’s mine  tramway. The  ground was ex- 
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csvated  and  the two  end  piers were erected;  tunnels were being 
driven  at formation-level for mining  the coal, and  in these the 
necessary work was undertaken for fixing  the anchor-logs ; trenches 
were  excavated in  the rock hottom along both sides, and were carried 
in  for about 10 yards  till  the rock was  found to be thoroughly 
solid; cross-trenches were then  cut,  and  the benches of rock thus 
formed were  axe-dressed  to form beds for the logs, these being 
secured by  chambering  into  the sides of the  tunnels  and  tightly 
wedging; a light  wire rope was also stretched above the bridge 
site,  and  this, in conjunction with a small steam winch  already on 
the  ground, was  found to  facilitate  the work of erection. Thus on 
the  arrival of the ropes everything was in readiness, and in 
3  days' time  they were stretched across the gorge and secured to 
the anchor-logs. The ropes were  not cut  at  the  upper end, but 
the  bights were passed round 12 inches  by 12 inches timber beams 
built  to form a  semicircle of 6 feet  radius, and  at  the lower end 
the ends of the ropes were attached  to  the anchor-log by means of 
two 34-inch eye-bolts threaded  through a piece of hardwood 
timber  and  carrying a  3-inch pin, fitted with  two  iron thimbles, 
round  which  the ropes were  bent, the ends being  turned back for 
a length of 6 feet, and securely clamped by means of U-shaped 
clamps with screwed ends, Figs. 2, Plate 7. To  obtain  the neces- 
sary  sag or curve in the  wire ropes, light  trestles of rough timber 
were  erected at  about 30 feet from each end, their  height  being 
obtained experimentally  by  suspending from the  end piers a light 
measuring-wire of exactly  the same length as the ropes, viz., 
205 feet;  the ropes were then  adjusted  by means of the screws 
until  they  just cleared  the caps of the trestles, and at  the com- 
pletion of the work it was found to be necessary to slightly  tighten 
the screws on one side  only to bring  the  truss to its proper level. 

In building  the  truss,  the lower  transomes  were  first laid 
throughout  their  entire  length,  being held in position on the 
ropes by  the bolt and plate a t  each end;  in  fixing these beams a 
light  staging was employed, suspended from hangers  running on 
the cables, and pulled forward  by block and tackle as required. 
The whole of the lower chords were next  laid  and bolted together, 
planks  resting on the transome-beams now serving for staging; 
the chords  were laid from the lower end, and  distortion  in  the 
ropes during  laying was  prevented by  weighting  their  upper 
portion. All the  horizontal  bracing was then fixed, and  the erec- 
tion of the'counter-braces  and  top chords  was proceeded with ; but, 
in order to  keep down the  weight as much a,s possible at  this  stage, 
only those floor-joists to which the  vertical  bracing is attached 
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were laid. The  only  staging employed in  erecting  the  top chords 
and counter-braces  was  a light  gantry  with  two  pairs of uprights, 
each pair  carrying  an  adjustable cross-beam ; the  gantry  rested on 
the lower chords and was moved forward  as  required  by block 
and tackle. The cross-beams at  any  given  point were set to the 
required  height  to receive the members of the  top chords, which 
were then  run  out on the  light overhead  wire and placed in 
position on this  temporary  staging ; the counter-braces, and those 
holding  the  upper chords in  position,  were then fixed, and  the 
gantry was again moved forward and  adjusted  to receive the  next 
members. The  truss was  wholly  constructed from one end, but 
when about  two-thirds of the  span was completed, the  strain on the 
lower chords  was severe, and it was impossible to prevent some 
distortion;  the counter-braces  were, however, got  well home to 
their scarves by means of union-screws and jacks, and  when  the 
last members of the chords  were  laid, the  truss  had assumed its, 
proper form. 

The  bridge  was completed and ready  for use in 5 weeks from 
the  date of the  fixing of the cables. The work was done by  day 
labour  and  the following are  particulars of the  cost; it will be 
noted that  the  timber cost 13 shillings per 100 square  feet de- 
livered on the  ground,  and  its  preparation  and erection cost 15 
shillings per 100 square  feet :- 

PARTICULARS OF COBT. 

21,000 square feet  (superficial) of timber at 138.  per 
100  square feet . . . . . . . . . .  

Cable ropes delivered . . . . . . . . . .  
Ironwork, eyebolts,  bolts,  etc. . . . . . . .  
Excavation for piers, anchor-logs,  etc. . . . . .  
Fixing anchor-logs and cables . . . . . . .  

Total 

Wages preparing and erecting same . . . . . .  

f: S. d. 

136  10 0 

157 10 0 
60 0 0 
62  10 0 
84 0 0 
27 0 0 

527 10 0 
--- 

One man was employed a t  11 shillings per day  and seven men 
at  10 shillings per day of 8 hours. In these details of cost, no 
allowance is made for the use of plant nor  for professional fees ; 
also, the excavation for  the anchor-logs would have been more 
costly  if advantage  had not  been taken of the mine-tunnels which 
had been already driven. 

The  bridge  has now been erected and  in use for about 10 months, 
during  which period about 35,000 tons of coal have been conveyed 
over it. It possesses considerable rigidity, no perceptible vibra- 
tion  being  set up by the slowly-travelling endless wire-rope 
[TEE INST. C.E. VOL. CXLIIT.] S 
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haulage,  nor by  the gorge  winds, which, however, are  not of great 
strength.  The  fixing of a  few light wire-rope guys from the  truss 
to some of the large trees  adjacent was  contemplated, but  this was 
not found to  be necessary. 

The  bridge was  designed by Mr. T. H. Rawson, M. Inst. C.E., 
and erected by the Company’s manager, Mr. G. H. Broome,  Assoc. 
M. Inst. C.E. 

The  Paper is accompanied by a tracing from which  Plate 7 has 
been prepared, and by a photograph of the completed bridge. 
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